Two cross-sectional studies were performed 2 years apart in French military personnel deployed from France to French Guiana. In 2011, military medical centres in French Guiana reported 40 cases of intestinal parasitism in service members returning from illegal gold mining sites in the rainforest. In 2013, 48 out of 132 service members returning from French Guiana after a 4-month mission had eosinophilia and seven were infected with hookworm. A presumptive first-line treatment with albendazole could be the most pragmatic strategy.
Introduction
Since 2008, French military personnel have been involved in a specific military operation to control and reduce illegal gold mining activities in French Guiana, a French overseas entity in South America. They conduct interventions at illegal gold mining sites in the rainforest and spend several days or weeks living in the same unsanitary conditions as illegal gold miners. During these interventions, exposure to soil-transmitted helminths and other parasitic intestinal infections are of concern. Hookworm and Strongyloides stercoralis are endemic in the region, mostly described among native populations. 1, 2 In 2013, 8 cases of hookworm infection were also diagnosed among 34 illegal gold miners admitted to the regional reference hospital in Cayenne. 3 The real burden of hookworm disease and other soil-transmitted helminthic infections among the French forces is unknown to date, although several outbreaks have been reported in the past. For example, in 2005, 36% of the 130 service members returning from French Guiana to continental France presented eosinophilia, with seven hookworm infections. 4 In order to assess the issue of soil-transmitted helminths and other intestinal parasitic infections, we conducted two cross-sectional studies performed 2 years apart among French military personnel deployed from continental France to French Guiana.
Materials and Methods
Eosinophilia was defined as the presence of more than 500 eosinophils per microlitre of blood and considered as a possible helminthic infection.
The first study was conducted throughout 2011 at the Military Medical Center in Cayenne. The objective was to identify intestinal parasites among military personnel involved in operations conducted at illegal gold mining sites (3-21 days). All military personnel seeking care for digestive complaints without fever or with eosinophilia in a complete blood cell count (CBC) performed for other reasons were consecutively included in the study. Stool examinations were conducted using direct examination, MIF (merthiolate-iodine-formaldehyde) and Bailenger concentration and Baermann methods. If the test was negative, a second series of stool examinations was performed 6 weeks later using the same protocol. Since most French military personnel had previously been deployed to sub-Saharan Africa, a thin blood smear to look for microfilariae was also performed in patients with eosinophilia.
The objective of the second study was to estimate the prevalence of eosinophilia after a 4-month mission in French Guiana. In 2013, 132 French military personnel were deployed from continental France to French Guiana from May to September. They were deployed to different areas, including illegal gold mining sites in the rainforest and Amerindian villages along the main rivers bordering French Guiana. Initial screening was undertaken 1 month after their return to continental France and consisted of a CBC and stool examination (MIF and Bailenger concentration, direct examination). All the service members were questioned about symptoms related to helminthic infections. A second stool examination was performed 1-2 months after the first screening.
Results
Ninety patients were included in the first study, 42% (38/90) of whom presented digestive complaints, associated with eosinophilia for 58% of them (22/38), and 58% (52/90) with eosinophilia alone (Table 1) . Only 44% (40/90) of the patients completed the entire diagnostic strategy, due to low compliance with study monitoring linked to operational constraints and the need to bring back stool samples.
Twenty-height cases of hookworm infection, 1 ascaridiasis and 6 cases of giardiasis were diagnosed (Table 1) . Two patients had mixed infections with hookworm disease and giardiasis. In addition, one case of loiasis was found by thin blood smear in a patient having stayed in Africa (Gabon and Republic of Ivory Coast). An etiological diagnosis of eosinophilia was not found in 40 cases, due especially to poor compliance with stool examination among asymptomatic patients. Stool examination led to 90% (18/20) of pathogen identifications in patients with digestive complaints and 84% (16/19) in cases of isolated eosinophilia among patients who completed all the monitoring stages.
Patients with hookworm infection were treated with one tablet of albendazole 400 mg/ day for 3 days. CBC and stool examinations were repeated 6 weeks after treatment. In two patients, hookworm eggs were still present and a second treatment with albendazole was needed. Considering the risk of strongyloidiasis infection in the region, patients with eosinophilia and negative stool examination were treated with albendazole and ivermectin.
In the second study, 94% (124/132) of the service members had one stool examination but only 22.0% (29/132) had a second one. Gastrointestinal symptoms were reported by 25% (33/132), mostly consisted of diarrhoea (27/33). In five cases, urticaria was present. A total of 48 (35.9%) service members presented with eosinophilia. Seven hookworm infections and five Giardia intestinalis infections were diagnosed.
Discussion
Eosinophilia, alone or associated with symptoms, is a frequent biological stigma in troops deployed at illegal gold mining sites in French Guiana. In this context, eosinophilia should be considered as an indication of a soil-transmitted helminth infection. The most frequently suspected areas of exposure are the illegal gold mines, where no sanitation is available, resulting in soil-transmitted parasites. 5 Except in case of emergency, illegal gold miners (immigrants from neighbouring countries-Brazil and Suriname) rarely seek care in French health centres, so their intestinal parasitism has not been studied. The camp conditions of service members are basic during their short but recurring missions at the mining sites (3-21 days), and particularly difficult during the rainy season. Several outbreaks of hookworm infection associated with military operations were reported for other armies deployed in similar conditions in the neighbouring countries of French Guiana. 6, 7 French armed forces are deployed to French Guiana for short (several months) or long periods (a few years), so parasitic infestation and eosinophilia can be a problem during their stay or after their return to continental France. The first study allowed the diagnosis of many cases. Fewer infections were detected in the second study. This difference may be explained by a longer stay in the risk area for the service members included in the first study, which allowed a complete parasitic cycle with a higher parasitic load in stools. Stools may have been sampled too early in the second study. However, the high prevalence observed in both studies confirms the reality of hookworm disease and giardiasis in French troops in French Guiana.
The studies also emphasize the difficulty of exploring eosinophilia aetiology with routine diagnostic tools. [8] [9] [10] Hookworm and G. intestinalis (which does not usually cause eosinophilia) were the most frequently identified parasites, while no case of strongyloidiasis was detected. The case of loiasis was not acquired in French Guiana because the geographic distribution of the parasite is limited to West and Central Africa. The detection of this case highlights that some service men had previous deployments in the tropics and parasitism may have been acquired before their stay in French Guiana. The absence of S. stercoralis suggests a specific ecology at gold mining sites. A comparison with the parasitism in gold miners would be interesting. Further studies with more sensitive tools for stool examination, such as polymerase chain reaction or agar culture for nematodes, are needed to identify all pathogens involved in the digestive symptoms and eosinophilia observed. Considering the high prevalence observed, a comprehensive strategy is needed for military personnel. A pragmatic and costeffective approach could be a presumptive 3-day treatment with albendazole, which is highly effective in both hookworm disease and giardiasis. 11 This strategy is recommended by the World
Health Organization in at-risk people living in endemic areas with a periodic treatment once a year where the prevalence of soil-transmitted helminth in the community is over 20% and twice a year if the prevalence is over 50%. 12 Considering the good tolerance of short treatment courses with albendazole, such a strategy, without a systematic stool examination, could be the best option for service members with digestive pains and/or eosinophilia. Nevertheless, clinical and biological investigations are recommended in case of persistence/appearance of clinical symptoms or eosinophilia after a presumptive treatment.
Intestinal parasitism re-emerged in military troops deployed in French Guiana in connection with illegal gold mining activities. Hookworm infection and giardiasis should be suspected in any soldier with digestive symptoms following a mission in the rainforest in French Guiana. A presumptive first-line treatment with albendazole could be the most pragmatic strategy, but further studies in this population are needed, in particular to confirm that S. stercoralis is not involved in the eosinophilia observed.
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